An increasing number of single cell transcriptome and epigenome technologies, 1 0
We defined the 1 out of 3 cell types as "target cell type", while the other cell types were defined as 1 3 0 "regular cell type". To test the effect of low cell numbers of a certain cell type (defined as a target cell 1 3 3 type) on cell clustering, we defined 1 of the 3 cell types as the "target cell type", 1 3 4
whereas the other cell types were defined as the "regular cell type", and sampled cells 1 3 5 with following compositions: 10:70:70 (10 for target cell type, 70 for the two regular 1 3 6 cell types), 15:67:67, 20:65:65, 25:62:62, 30:60:60, 35:57:57, 40:55:55, 45 
We compare the major function of Dr.seq2 to existing state-of-the-art methods. Each column shows 1 7 5 different functions of these methods and software. To evaluate the performance of Dr.seq2 on single cell epigenome data, we combined 2 1 7
288 scATAC datasets (GSM1596255 ~ GSM1596350, GSM1596735 ~ GSM1596830, 2 1 8 GSM1597119 ~ GSM1597214) from three cell types and applied Dr.seq2 to it.
1 9
"Combined peaks" were detected with total reads from the combined dataset using 2 2 0 MACS for output and the following steps. We measured the scATAC data quality in 2 2 1 bulk-cell level from 4 aspects (Fig 3) : 1) Peak distribution on each chromosome; 2) 2 2 2
Open regions distributed over the genome along with their scores; 3) Average showed the general quality of Tn5 digestion. The average profiling on different 2 2 6 genomic features represented the quality of Tn5 digestion around specific regions.
7
And the periodicity fragment length distribution indicated factor occupancy and 2 2 8 nucleosome positions due to different Tn5 digestion degrees. Cell clustering for scATAC-seq datasets with three clusters 2 4 5 that were consistent with the cell type labels 2 4 6
To measure the cell clustering performance of Dr.seq2 on epigenome data, cells from 2 4 7 the combined scATAC-seq dataset were firstly clustered based on their occupancy of 2 4 8 "combined peaks" using hierarchical clustering. Then cell type labels were marked by 2 4 9 different colors according to the original cell type information (red stand for H1 cells, 2 5 0 yellow stand for GM12878 cells and blue stand for K562 cells). Cells were clearly 2 5 1 separated into different groups that were consistent with the cell type labels by 2 5 2
Dr.seq2 ( Fig 4A) . In the single-cell level QC of Dr.seq2 on scATAC-seq data, the peak number of in 2 7 2 each cell was defined as the number of "combined peaks" occupied by the reads in the 2 7 3 cell. The distribution of different peak numbers in each cell indicated the different 2 7 4 amount of information the cell contains ( Fig 4B) . Cell clustering was conducted based 2 7 5 on the peak information in each cell using hierarchical clustering and open region was 2 7 6
shown in the order of genomic location ( Fig 4C) . And Silhouette score [36] validated 2 7 7 the consistency of each cluster ( Fig 4D) . Then cells in the same clusters were 2 7 8 considered as cells in the same cell type and combined for the detection of cell type 2 7 9 specific regions, which were defined as the peak regions that only covered in this cell 2 8 0 type. Specific regions for different cell clusters were marked by different colors and 2 8 1 ordered according to genomic loci ( Fig 4E) .
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Cell clustering stability on simulated scATAC-seq data 2 8 3
To measure the tolerance of Dr.seq2 for low sequencing depth and small numbers of 2 8 4 cells of a certain cell type, we simulated datasets with different cell proportions and 2 8 5 sequencing depths by using scATAC-seq datasets from three cell types (Table 1) .
8 6
We selected cells in different proportion with 100,000 reads per cell and then Kruskal's lambda index calculated from 20 simulations indicated that Dr.seq2 was 2 9 0 suitable for cell clustering with different cell proportions ( Fig 5A) . We also selected 2 9 1 fifty cells from each cell type with the reads count range from 10,000 reads to 2 9 2 100,000 reads for each cell to measure the tolerance of Dr.seq2 on low sequence 2 9 3 depth. Dr.seq2 produced stable clustering results with greater than 40,000 reads per 2 9 4 cell ( Fig 5B) . 
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Error bars represent 95% confidence intervals calculated from 20 simulations. B) 3 0 0
Clustering stability of Dr.seq2 on simulated data with different cell proportion depths.
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The lambda index (y-axis) is plotted as a function of the target cell number (x-axis).
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Error bars represent 95% confidence intervals calculated from 20 simulations. Computational cost of Dr.seq2 3 0 5
We also measured the computational time cost of Dr.seq2 by applied Dr.seq2 on 3 0 6 combined scATAC-seq datasets ( Table 3 ). The running time of each step was 3 0 7 calculated using a single CPU (Intel® Xeon® CPU E5-2640 v2 @ 2.00 GHz).
3 0 8 3 0 9 Distribution of Peak Heights 0.0e+00 5.0e+07 1.0e+08 1.5e+08 2.0e+08
Open Regions (Peaks) over Chromosomes
Chromosome Size ( 
